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Ongoing restoration along the Wemmershoek River in the Western Cape, South Africa. (Photographs: D.M. Richardson)

Top (1985). Invasive Australian wattles (Acacia longifolia and A. mearnsii) and cluster pine (Pinus pinaster), from the
Mediterranean region, dominate the landscape.

Bottom (2011). Following clearing of invasive trees by the government-funded Working for Water Programme natural
regeneration of native plants has helped bring the ecosystem to a healthy condition and water once again flows in the streams.
Remaining non-native trees on the left are Casuarinas that serve as a windbreak for fruit orchards.
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“For this second edition of Restoration Ecology: The New Frontier, editors Jelte van Andel and James Aronson have
organized a world-class group of authors to create the most comprehensive restoration ecology textbook cur-
rently available. I believe Restoration Ecology: The New Frontier is a substantial contribution to the science of
restoration ecology and will contribute to our ability to create an improved future.”

From the Foreword to this book by Professor Steven Whisenant, Texas A&M University and Chair of the Society
for Ecological Restoration.

“This newly revised and fully updated edition should be on the shelf of every restoration ecologist. Not a ‘how-to’
book, but a fine overview of many of the conceptual and interdisciplinary issues involved.”

Truman Young, University of California at Davis

The editors of Restoration Ecology provide a prompt and adequate response to the challenge of our era: to rec-
oncile the link between humanity and nature. Jelte van Andel and James Aronson broaden their work to include
New Frontiers and a global perspective in the second edition, supporting a paradigm shift in decision making
which is unavoidable if we are to cope with the global environmental crisis. The reader is convinced that ecologi-
cal restoration is vital to maintain biodiversity and their services, the basis of our life. This fundamental book
will certainly contribute to the global effort of restoring 15% of degraded land by 2020, as expressed in the Aichi
Biodiversity Targets. It offers clear concepts and practical knowledge at the level of biomes to train scientists and
practitioners and to provide knowledge to bridge the gap in the science—policy interface. I recommend the book
to use in restoration planning, for the training of students and in science communication.”

Katalin Torok, Centre for Ecological Research, Hungary and
SER Europe Board member






CONTENTS

Contributors, ix
Foreword, xiii

Preface, xv

PART 1 SETTING THE SCENE, 1

1 Getting Started, 3
JELTE VAN ANDEL AND JAMES ARONSON

2 Unifying Concepts, 9
JELTE VAN ANDEL, AB P. GROOTJANS
AND JAMES ARONSON

3 Environmental Management and Restoration in a
Changing Climate, 23
RICHARD J. HOBBS

4 Planning and Implementing Successful
Landscape-Scale Restoration, 30
DAVID J. TONGWAY AND JOHN A. LUDWIG

PART 2 ECOLOGICAL
FOUNDATIONS, 43

5 Landscape Ecology, 45
RUDY VAN DIGGELEN, RICHARD ]. HOBBS
AND LADISLAV MIKO

6 Ecology of Ecosystems and Biotic
Communities, 59
JOHAN VAN DE KOPPEL, JELTE VAN ANDEL
AND ARJEN BIERE

7 Populations: Ecology and Genetics, 73
ARJEN BIERE, JELTE VAN ANDEL AND JOHAN
VAN DE KOPPEL

8

Reintroductions: Learning from Successes
and Failures, 87
SIPKE E. VAN WIEREN

PART 3 EXPERIENCES AND LESSONS,
BIOME BY BIOME, 101

9

10

11

12

13

14

15

16

Restoration of Tropical Forests, 103
KAREN D. HOLL

Restoration of Arid and Semi-Arid Lands, 115
DAVID A. BAINBRIDGE

Restoration of Mediterranean-Type Woodlands
and Shrublands, 130

V. RAMON VALLEJO, EDITH B. ALLEN, JAMES
ARONSON, JULI G. PAUSAS, JORDI CORTINA
AND JULIO R. GUTIERREZ

Restoration of Temperate Forests: An European
Approach, 145
ANTON FISCHER AND HOLGER FISCHER

Restoring Temperate Forests: A North American
Perspective, 161
DEAN APOSTOL AND AYN SHLISKY

Restoration of Dry Grasslands and

Heathlands, 173

JAN P BAKKER, RUDY VAN DIGGELEN, RENEE
M. BEKKER AND ROB H. MARRS

Restoration of Arctic—Alpine Ecosystems, 189
BERNHARD KRAUTZER, CHRISTIAN UHLIG
AND HELMUT WITTMANN

Restoration of Mires, 203
AB P. GROOTJANS, RUDY VAN DIGGELEN, HANS
JOOSTEN AND ALFONS ].P. SMOLDERS

vii



viii Contents

17 Restoration of Rivers and Floodplains, 214 21 Shifting Baselines: Dynamics of Evolution and
JENNY MANT, ANDREW B. GILL, MARTIN Community Change in a Changing World, 281
JANES AND DI HAMMOND KATHARINE SUDING AND ELIZABETH LEGER

18 Restoration of Freshwater Lakes, 233 22 Restoration Ecology and the Path to
RAMESH D. GULATI, L. MIGUEL DIONISIO Sustainability, 293
PIRES AND ELLEN VAN DONK JAMES ARONSON AND JELTE VAN ANDEL

19 Restoration of Salt Marshes, 248
JAN P. BAKKER Glossary, 305

References, 315

PART 4 RESTORING TO )
THE FUTURE, 263 Restoration Ecology Author Index, 360

Restoration Ecology Subject Index, 368
20 Biological Invasions, Resilience and estoration ECOlogy subject Ihdex

Restoration, 265
MIRIJAM GAERTNER, PATRICIA M. HOLMES
AND DAVID M. RICHARDSON

Colour plate pages fall between pp. 144 and 14.5.

This book has a companion website www.wiley.com/go/vanandel/restorationecology with Figures and
Tables from the book for downloading.




CONTRIBUTORS

EDITH B. ALLEN, University of California, Department
of Botany and Plant Sciences and Center for Conservation
Biology, Batchelor Hall 2129, Riverside, CA 92521-
0124, USA. [edith.allen@ucr.edu]

DEAN APOSTOL, Singing Salads Farm, 23850 SE
Borges Road, Damascus, OR 97089, USA. [dean@sing-
ingprairie.com|

JAMES ARONSON, Centre National de la Recherche
Scientifique (CNRS-U.M.R. 5175), Centre d’Ecologie
Fonctionnelle et Evolutive (CEFE), 1919 route de Mende,
34293 Montpellier Cedex 5, France. [ja20202@gmail.
com]|

DAVID A. BAINBRIDGE, Restoration consultant, 8850
Capcano  Road, San Diego, CA 92126, USA.
[sustainabilityleader@gmail.com]

JAN P. BAKKER, University of Groningen, Community
and Conservation Ecology Group, PO. Box 11103, 9700
CC Groningen, the Netherlands. [j.p.bakker@rug.nl]

RENEE M. BEKKER, University of Groningen, Com-
munity and Conservation Ecology, P.O. Box 11103, 9700
CC Groningen, the Netherlands; and National Authority for
Data concerning Nature, Catharijnesingel 64, 3502 JA
Utrecht, the Netherlands. [r.m.bekker@rug.nl]

ARJEN BIERE, Netherlands Institute of Ecology (NIOO-
KNAW), Department of Terrestrial Ecology, P.O. Box 50,
6700 AB Wageningen, the Netherlands. [a.biere@nioo.
knaw.nl]

JORDI CORTINA, University of Alicante, Department of
Ecology, Apartado de Correos 99, 03080 Alicante, Spain.
[jordi@ua.es]

L. MIGUEL DIONISIO PIRES, Deltares, PO. Box 177,
2600 MH Delft, the Netherlands. [miguel.dionisio@del-
tares.nl|

ANTON FISCHER, Technische Universitit Miinchen,
Department of Ecology and Ecosystem Management,
Centre of Life and Food Sciences, Hans-Carl-von-Carlowitz-
Platz 2, D-85354 Freising, Germany. [a.fischer@wzw.
tum.de]

HOLGER FISCHER, Technical University Dresden,
Institute of Silviculture and Forest Protection, P.O. Box
1117, D-01737 Tharandt, Germany. [fischer@forst.tu-
dresden.de]

CHRISTELLE FONTAINE, Centre National de la Recher-
che Scientifique (CNRS-U.M.R. 5175), Centre d’Ecologie
Fonctionnelle et Evolutive (CEFE), 1919 route de Mende,
34293 Montpellier Cedex 5, France. [christelle.fon-
taine@cefe.cnrs.fr|

MIRIJAM GAERTNER, Stellenbosch University, Centre
for Invasion Biology, Natural Sciences Building, Private
Bag X1, Matieland 7602, South Africa. [gaertnem@sun.
ac.za|

ANDREW B. GILL, Environmental Science & Technology
Department, Cranfield University, College Road, Cranfield,
Bedfordshire, MK43 OAL, United Kingdom. [a.b.gill@
cranfield.ac.uk]


mailto:edith.allen@ucr.edu
mailto:dean@singingprairie.com
mailto:dean@singingprairie.com
mailto:ja20202@gmail.com
mailto:ja20202@gmail.com
mailto:sustainabilityleader@gmail.com
mailto:j.p.bakker@rug.nl
mailto:r.m.bekker@rug.nl
mailto:a.biere@nioo.knaw.nl
mailto:a.biere@nioo.knaw.nl
mailto:jordi@ua.es
mailto:miguel.dionisio@deltares.nl
mailto:miguel.dionisio@deltares.nl
mailto:a.fischer@wzw.tum.de
mailto:a.fischer@wzw.tum.de
mailto:fischer@forst.tu-dresden.de
mailto:fischer@forst.tu-dresden.de
mailto:christelle.fontaine@cefe.cnrs.fr
mailto:christelle.fontaine@cefe.cnrs.fr
mailto:gaertnem@sun.ac.za
mailto:gaertnem@sun.ac.za
mailto:a.b.gill@cranfield.ac.uk
mailto:a.b.gill@cranfield.ac.uk

X Contributors

AB P. GROOTJANS, University of Groningen, Center
for Energy and Environmental Studies, Nijenborgh 4,
9747 AG Groningen, the Netherlands; and Radboud Uni-
versity Nijmegen, Institute of Water and Wetland Research
(IWWR), PO. Box 9010, 6500 GL Nijmegen, the Neth-
erlands. [a.p.grootjans@rug.nl]

RAMESH D. GULATI, Netherlands Institute of Ecology
(NIOO-KNAW ), Department of Aquatic Ecology, P.O. Box
50, 6700 AB Wageningen, the Netherlands. [r.gulati@
nioo.knaw.nl]|

JULIO R. GUTIERREZ, Centro de Estudios Avanzados
en Zonas Aridas, Instituto de Ecologia y Biodiversidad,
Departamento de Biologia, Universidad de La Serena,
Casilla 599, La Serena, Chile. [jgutierr@userena.cl]

DI HAMMOND, The River Restoration Centre, Silsoe
Campus, Silsoe, Bedfordshire MK4 5 4DT, United Kingdom.
[rrec@therr.co.uk]

RICHARD J. HOBBS, University of Western Australia,
Ecosystem Restoration and Intervention Ecology Research
Group, School of Plant Biology, 35 Stirling Highway,
Crawley WA 6009, Australia. [richard.hobbs@uwa.
edu.au]

KAREN D. HOLL, University of California, Environmen-
tal Studies Department, Santa Cruz, CA 95064, USA.
[kholl@ucsc.edu]

PATRICIA M. HOLMES, Environmental Resource Man-
agement Department, City of Cape Town, PO.
Box 11, Berkley Road, Maitland 7404, South Africa.
[patricia.holmes@capetown.gov.za]

MARTIN JANES, The River Restoration Centre, Silsoe
Campus, Silsoe, Bedfordshire MK4 5 4DT, United Kingdom.
[rre@therr.co.uk]

HANS JOOSTEN, Ernst Moritz Arndt University of
Greifswald, Institute of Botany and Landscape Ecology,
Grimmer Strasse 88, 17489 Greifswald, Germany.
[joosten@uni-greifswald.de]

BERNHARD KRAUTZER, Federal Research and Edu-
cation Centre, Raumberg-Gumpenstein, 8952 Irdning,
Austria. [bernhard krautzer@raumberg-gumpenstein.at|

ELIZABETH LEGER, University of Nevada, Natural
Resources and Environmental Science Department, 1664
N. Virginia Street, Reno, NV 89557, USA. |[eleger@
cabnr.unr.edu]

JOHN A. LUDWIG, Commonwealth Scientific and Indus-
trial Research Organization, Ecosystem Sciences, P.O. Box
780, Atherton, Old 4883, Australia. [John.Ludwig@
csiro.au]

JENNY MANT, The River Restoration Centre, Silsoe
Campus, Silsoe, Bedfordshire MK4 5 4DT, United Kingdom.
[j.m.mant@cranfield.ac.uk]

ROB H. MARRS, University of Liverpool, School of
Environmental Sciences, Nicholson Building, Liverpool L69
3GP, United Kingdom. [calluna@liverpool.ac.uk]

BERENGERE MERLOT, Centre National de la Recher-
che Scientifique (CNRS-U.M.R. 5175), Centre d’Ecologie
Fonctionnelle et Evolutive (CEFE), 1919 route de Mende,
34293 Montpellier Cedex 5, France. [berengere.merlot@
cefe.cnrs.fr]

LADISLAV MIKO, European Commission, DG Health and
Consumers (SANCO), rue Breydel 4, Brussels, Belgium.
[ladislav.miko@ec.europa.eu]

JULI G. PAUSAS, Centro de Investigaciones sobre Deser-
tificacion (CIDE-CSIC), IVIA Campus, Ctra. Naquera Km.
4.5, 46113 Montcada, Valencia, Spain. [juli.g.pausas@
uv.es|

DAVID M. RICHARDSON, Stellenbosch University,
Centre for Invasion Biology, Natural Sciences Building,
Private Bag X1, Mateland 7602, South Africa. [rich@
sun.ac.za|

AYN J. SHLISKY, USDA Forest Service Pacific North-
west Region, Resource Planning and Monitoring, 333 SW
First Ave., Portland, OR 97204 USA. [ajshlisky@
fs.fed.us]

ALFONS J.P. SMOLDERS, Radboud University
Nijmegen, Institute for Water and Wetland Research
(IWWR), PO. Box 9010, 6500 GL Nijmegen, the Neth-
erlands. [a.smolders@b-ware.eu|


mailto:a.p.grootjans@rug.nl
mailto:r.gulati@nioo.knaw.nl
mailto:r.gulati@nioo.knaw.nl
mailto:jgutierr@userena.cl
mailto:rrc@therr.co.uk
mailto:richard.hobbs@uwa.edu.au
mailto:richard.hobbs@uwa.edu.au
mailto:kholl@ucsc.edu
mailto:patricia.holmes@capetown.gov.za
mailto:rrc@therr.co.uk
mailto:joosten@uni-greifswald.de
mailto:bernhard.krautzer@raumberg-gumpenstein.at
mailto:eleger@cabnr.unr.edu
mailto:eleger@cabnr.unr.edu
mailto:John.Ludwig@csiro.au
mailto:John.Ludwig@csiro.au
mailto:j.m.mant@cranfield.ac.uk
mailto:calluna@liverpool.ac.uk
mailto:berengere.merlot@cefe.cnrs.fr
mailto:berengere.merlot@cefe.cnrs.fr
mailto:ladislav.miko@ec.europa.eu
mailto:juli.g.pausas@uv.es
mailto:juli.g.pausas@uv.es
mailto:rich@sun.ac.za
mailto:rich@sun.ac.za
mailto:ajshlisky@fs.fed.us
mailto:ajshlisky@fs.fed.us
mailto:a.smolders@b-ware.eu

Contributors xi

KATHARINE SUDING, University of California, Depart-
ment of Environmental Science, Policy and Management,
137 Mulford Hall #3114, Berkeley, CA 94720, USA.
[suding@berkeley.edu]

DAVID J. TONGWAY, CSIRO, Sustainable Ecosystem
Sciences, GPO Box 1700, Canberra 2601, ACT, Australia.
[dtongway@iinet.net.au]

CHRISTIAN UHLIG, Bioforsk, Norwegian Institute for
Agriculture and Environmental Research, Division of
Arctic Agriculture and Land Use, P.O. Box 2284, 9269
Tromse, Norway. [christian.uhlig@bioforsk.no]

V. RAMON VALLEJO, Centro de Estudios Ambientales
del Mediterraneo (CEAM), C/ Charles R. Darwin 14, Parc
Tecnologic, 46980 Paterna, Valencia, Spain. [vvallejo@
ub.edu]

JELTE VAN ANDEL, University of Groningen, Commu-
nity and Conservation Ecology Group, PO. Box 11103,
9700 CC Groningen, the Netherlands. [j.van.andel@
rug.nl]

JOHAN VAN DE KOPPEL, Netherlands Institute
of Ecology (NIOO-KNAW), Spatial Ecology Department,
PO. Box 140, 4400 AC Yerseke, the Netherlands.
[j.vandekoppel@nioo.knaw.nl]

RUDY VAN DIGGELEN, University of Antwerp, Eco-
systems Management Group, Department of Biology, Uni-
versiteitsplein 1-C, B-2610 Wilrijk, Belgium. [ruurd.
vandiggelen@ua.ac.be]

ELLEN VAN DONK, Netherlands Institute of Ecology
(NIOO-KNAW),  Department of Aquatic Ecology,
PO. Box 50, 6700 AB Wageningen, the Netherlands. |e.
vandonk@nioo.knaw.nl]

SIPKE E. VAN WIEREN, Wageningen University,
Resource Ecology Group, Bornsesteeg 69, 6708 PD Wage-
ningen, the Netherlands. [sip.vanwieren@wur.nl]

HELMUT WITTMANN, Institute for Ecology, Johann-
Herbst-Strasse 23, A-5026 Elsbethen/Salzburg, Austria.
[wittmann.ifoe@aon.at]


mailto:suding@berkeley.edu
mailto:dtongway@iinet.net.au
mailto:christian.uhlig@bioforsk.no
mailto:vvallejo@ub.edu
mailto:vvallejo@ub.edu
mailto:j.van.andel@rug.nl
mailto:j.van.andel@rug.nl
mailto:j.vandekoppel@nioo.knaw.nl
mailto:ruurd.vandiggelen@ua.ac.be
mailto:ruurd.vandiggelen@ua.ac.be
mailto:e.vandonk@nioo.knaw.nl
mailto:e.vandonk@nioo.knaw.nl
mailto:sip.vanwieren@wur.nl
mailto:wittmann.ifoe@aon.at




FOREWORD

By some estimates, nearly two-thirds of all ecosystems
have been degraded by human activities. This depletion
of our global ‘natural capital trust fund’ makes it less
likely we can sustain current levels of ecosystem ser-
vices. Ecosystem degradation that diminishes biological
diversity or alters nutrient and hydrologic processes has
serious impacts that can no longer be ignored. Direct
economic losses to agriculture, livestock production, for-
estry, and recreation are well-known consequences of
ecosystem degradation. Less understood, yet equally
important, are the implications for food security and
poverty. Providing for future human populations, cur-
rently over seven billion and rising toward nine billion by
2050, will be increasingly difficult. You probably
wouldn't be reading this if you weren’t troubled by these
trends and committed to improving our collective future.

The practice of ecological restoration is a proactive
approach to addressing the real-world challenges of
ecosystem degradation. Our ultimate goal is to under-
stand ecosystem functioning and apply science-based
practices that solve these significant environmental
problems. It is increasingly clear that ecosystem degra-
dation has social, economic, and biophysical causes
that interact at multiple spatial and temporal scales.
Thus, effective restoration strategies must address this
complexity in ways that vary considerably with each
unique set of circumstances. This has proven to be a
significant and ongoing challenge for the evolving dis-
cipline of restoration ecology. Fortunately, I believe the
book you hold in your hands will be a seminal contri-
bution toward those lofty goals.

For this second edition of Restoration Ecology: The
New Frontier, editors Jelte van Andel and James
Aronson have organized a world-class group of authors
to create the most comprehensive restoration ecology
textbook currently available. Significantly, the book
begins by developing a robust conceptual framework
linking ecosystem damage to the primary causes of
degradation and potential restoration strategies. Sub-
sequent chapters provide numerous ecosystem-specific
examples selected to illustrate and reinforce those con-
cepts and provide a framework for future endeavors. I
found these chapters to be both interesting as individ-
ual case studies and effective at illustrating the book’s
conceptual framework. The book concludes with dis-
cussions of uncertainties associated with climatic, evo-
lutionary, and community processes and how to
incorporate those ideas into sustainable restoration
strategies. I believe Restoration Ecology: The New Fron-
tier is a substantial contribution to the science of res-
toration ecology and will contribute to our ability to
create an improved future.

Steven G. Whisenant
College Station, Texas
January 2012

Professor and Head of the Department

of Ecosystem Science and Management

at Texas A&M University; and

Chair of the Society for Ecological Restoration
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PREFACE

At the turn of the twenty-first century, some 15 years
ago, conservation biology and restoration ecology were
clearly identified by some as vital ‘hopes for the future’
(Dobson et al. 1997). E.O. Wilson (1998) went further:
given the current state of affairs, he said, a forward-
looking, global society committed to a better future
would devote much energy and resources, through-
out this century, to restoration. But why, ‘all of a
sudden’, do thoughtful scientists like Wilson, and
many others, urge society to devote a century to eco-
logical restoration?

Throughout human history, that is for the last
hundred thousand years or so, people have explored
and exploited natural resources to meet their needs for
food, fresh water, timber, fibre, medicines and fuel.
While recognizing that this has contributed to substan-
tial gains in human well-being, over the millennia, the
rapidly increasing ‘ecological footprint’ of humans,
during the last two centuries in particular, has resulted
in a substantial and largely irreversible loss in the
diversity of life, the resilience of ecosystems and the
quality of our own collective habitat on this Earth.
Some say we are moving towards a precipice. Unques-
tionably, we have set off the first human-caused extinc-
tion crisis in the history of the planet; we have also set
off climate change processes the consequences of
which we cannot predict let alone control.

One hundred and ten years ago, we were one billion.
Now the situation is radically different: we have a pop-
ulation of seven billion, adding another billion every
12 years or so, and about a fifth of humankind is con-
suming far more resources per capita than anyone but
kings and queens had ever dreamt of before. Conclu-
sion: we need a new modus operandi if we wish to move
away from the precipice. We now have to work hard,
and together, to ‘restore towards the future’, to borrow

a phrase from the Society for Ecological Restoration
(SER), which is the major international nongovern-
mental organization (NGO) in this field since 1987. We
also need to shift paradigms and move towards sustain-
ability. And justice. In short, towards a sustainable and
desirable future for our children and grandchildren
By the last quarter of the twentieth century cg',
many could see that traditional nature protection and
management techniques, aimed at stopping further
degradation of threatened ecosystems and landscapes,
and preserving what was still more or less intact in
set-asides or ‘protected’ areas, were no longer going to
be enough. Whether the primary goal of conservation-
ists was to safeguard perspectives for well-functioning,
evolving ‘nature’, including biodiversity in all its forms,
and to insure what is currently called the flow of eco-
system goods and services to people, restoration of
degraded ecosystems was going to be necessary as well.
An important trailblazer in this area was the late
Anthony Bradshaw, who initiated research in the
United Kingdom to learn how to reconstruct ecosys-
tems on what he called derelict lands, left behind at the
end after closure of mining sites (Bradshaw 1983).
Today, ecological restoration is a fast-growing and
increasingly important component in the business,
politics and applications of biodiversity conservation,
ecosystem management, societal adaptation to climate
change and legislated mitigation for ecological and
environmental damage related to economic develop-
ment. Restoration ecology as a science has come a long
way too: as part of a dynamic feedback loop, the prac-
tice of ecological restoration calls for, and stimulates,
ongoing development of concepts and theories, as well
as short- and long-term field studies and experimenta-
tion providing scientific validation and underpinning
for the practice. At the same time, it is providing much

XV



xvi Preface

insight into the fundamental questions of biology and
ecology at all levels of resolution, from landscapes and
ecosystems to communities and populations. In other
words, restoration ecology, at 30, is truly coming of
age, in dozens of countries around the world. Scientists
from different disciplines, along with engineers, tech-
nicians and other professionals, not to mention the
thousands of amateurs and volunteers engaged in res-
toration, should all embrace the challenge to explore,
test and, where appropriate, apply the theories, models
and concepts coming from ecology, even though many
of them were not conceived or developed in view of
direct applications to restoration. Not all restoration
practitioners may recognize the need for this, so let us
explain why we say that.

In our approach towards restoration ecology, we
consider a few elements essential. First of all, under-
standing of ecosystem structure and functioning is the
central level of interest, even in cases where the reinte-
gration of a disrupted landscape, or the rescue of
biodiversity, is the main goal of a restoration project.
For effective, long-lasting ecological restoration of an
ecosystem, the first condition is to have as much
knowledge as possible about its historic development,
including human use and management, as well as
misuse and mismanagement. The second condition is
to analyse the causes of degradation and of current
threats by applying scientific tools. The latter requires
an interest both in fundamental ecological theories
and models and in exploring their applicability. Tech-
niques and approaches from the social sciences may be
necessary as well, depending on the context. Last but
not least, restoration ecology is intrinsically transdisci-
plinary, and has a huge role to play in the further devel-
opment of both inter- and transdisciplinarity. Indeed,
the reconstruction of earlier existing ‘nature’ or eco-
systems, or the development of ‘new nature’, cannot
be realized in isolation from societal and political will
and impact. These elements are reflected in the struc-
turing and the contents of this book.

In the first of four chapters in Part 1, which is
intended to set the scene for all that follows, we briefly
consider the historic situation of terrestrial and aquatic
ecosystems in today’s changing world. Next, we discuss
key concepts in current restoration ecology, emphasiz-
ing the hot topics as seen from inter- and transdiscipli-
nary perspectives. We have done our utmost to be
consistent in the core concepts, and the terminology
used throughout, and all general terms that appear in
two or more chapters are defined in the detailed and

original glossary provided near the back of the book.
In the chapter texts, we have marked certain words in
places where they can be useful to help the readers find
their way to textbooks and scientific journals. All words
and terms printed in italics appear in the index; terms
in bold are defined in the glossary and included in
the index.

In view of future requirements for the development
of restoration ecology, the third, invited, chapter in
Part 1 is devoted to implications for ecological restora-
tion of climate change and other global changes, one
of the most intriguing and complex problems we must
cope with. And finally, in the last chapter of this part,
planning and implementing successful restoration are
discussed by two distinguished veterans in this field.

In the four interrelated chapters of Part 2, the basics
of ecology and genetics are discussed in search of con-
cepts and theories — at the levels of landscapes, ecosys-
tems, communities and populations — that can or could
be made applicable to ecological restoration in general,
or some specific situations. Particular attention is paid
to the problems and prospects related to the reinforce-
ment and reintroduction of populations of animals or
plants within a restoration context.

We then move on to Part 3, where the reader will
find 11 chapters by invited sets of distinguished
authors who discuss the problems and perspectives of
ecological restoration as they have experienced them
personally across a broad range of ecosystems and
biomes. We here use the classic biome-by-biome
approach to help readers quickly find the specific set-
tings they are most interested in, and compare the bar-
riers and options existing between biomes. These
specialists and recognized experts in the science and
the practice of ecological restoration provide a solid
scientific background to evaluate the consequences of
different human interventions and management
measures aiming at restoration in a very wide range of
biophysical and bioclimatic contexts. All the chapters
in this part follow a similar approach, which should
help students and other general readers get the most
from them. In each of them, the authors discuss what
we can learn from restoration successes and failures in
the past.

In the fourth and final part of the book, the concepts
and approaches mentioned in the first part are recalled,
and the reader is invited to reflect upon the conse-
quences, and help identify the perspectives, for ecologi-
cal restoration in the coming years. How to cope with
uncertainties, for example, is a key question. Particular
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attention is paid to evolutionary and community
dynamics related to dramatic changes in the environ-
mental conditions, and to coping with associated inva-
sions of alien species. The ultimate goal of ecological
restoration is to achieve sustainable, resilient and inter-
connected ecosystems, and socio-ecological systems,
providing goods and services to humans and habitat
and well-being for nonhuman creatures as well.

The present book is an enlarged, enhanced and updated
edition of the first university-level textbook to have
appeared on restoration ecology in any language (van
Andel & Aronson 2006). While working on the updates
of those chapters that appeared in the first edition of
this book, six short years ago, we discovered how much
new information has become available. Not only have
new results from long-term field experiments become
available, but also these results have given rise to new
insights, and slowly shifting paradigms. The notion of
‘restoring to the future’ is a good example.

As before, the book is designed for senior undergrad-
uate- and graduate-level courses in all disciplines
related to fundamental and applied ecology, environ-
mental studies, conservation and development. We
think it will be useful especially in Europe, North
America, Australia and New Zealand, but have in mind
also students, researchers, teachers and others in the
tropics and developing countries as well. It should
provide a solid scientific background for managers and
professionals involved in protected area, park or nature
reserve management where restoration is being prac-
tised or contemplated, as well as practitioners of
ecological restoration in governmental and nongovern-
mental organizations. Ecological restoration is one of
the best bridges available to reconcile the seemingly
opposing imperatives of nature conservation and eco-
nomic development. As such, it constitutes one of the
key components of the increasingly urgent search for
sustainability — hence the use of ‘New Frontier’ in the
title of the book. We hope that readers will find that

this volume is helpful in their efforts to pave the way
towards the future. Today's students, after all, are
tomorrow’s decision makers.
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EDITORS’ INTRODUCTION

Rather than being just concerned and conservative
about remains of ‘wild nature’, ecological restoration
requires a dynamic, adaptive approach to problem
solving and resource management, especially in this
era of rapid and irreversible change in climate, land
use and species assemblages. Indeed, evolutionary and
environmental dynamics, such as invasions of species
outside their recent biographical ranges, and anthro-
pogenic climate change, can no longer be denied or
ignored, as was often the case when ecological restora-
tion was associated solely with nature conservation
concerns. However, as we think about potential future
developments in ecological restoration, we must
respect the historic roots of our human societies, and
the relationship between them and nonhuman nature
as well. Evolution of species has been a natural phe-
nomenon throughout the history of life on Earth, but
the direction and speed for some species have been
strongly influenced by human activities, such as plant
and animal breeding, and also indirectly affected by
our growing impact on global, regional and local envi-
ronments. Similarly, climate change has been a natural
phenomenon since the very beginning of the Earth’s
existence, but the recent rate of change is recognized
by all experts as being largely due to human impact.
This is one of the main reasons why humanity
must accept responsibility for its actions, and include
nature management in the decision-making process of
planning towards a sustainable and desirable future —
especially as we climb from the current 7 billion people
to an estimated 9-10 billion in the next 25 years.

Not only does nature alter in response to changes in
environmental conditions, but also human societies
change and adapt to new conditions. Wilderness,
earlier considered as areas to be exploited for human
well-being, is nowadays valued as near-natural ecosys-
tems to be cherished and protected. Similarly, what was
earlier considered as ‘wastelands’ may now be called
seminatural ecosystems; if financing is provided, even
derelict and devastated post-mining areas may effec-
tively be revegetated, rehabilitated and ‘recycled’ into
the mainstream of society. However, for ecological res-
toration to be successful, a firm agreement is required
between all the stakeholders. Opportunities have to be

valued in terms of scientific validation, societal needs
and available budgets for execution and monitoring.

We start our book by giving a brief overview of
changing points of view on nature and on the goals of
nature management, along with changes in the human
society (Chapter 1). In brief, this implies a change from
human dependence on nature towards nature'’s
dependence on human management. In Chapter 2, we
present some of the key concepts in the field of restora-
tion ecology where for example we explain how to dis-
tinguish between the reintegration of disrupted and
dysfunctional landscapes, the restoration of degraded
ecosystems, and the rescue of biodiversity through the
reinforcement or reintroduction of species populations.
We also discuss such concepts as stability, the func-
tional role of biodiversity, reference systems and how
stocks of natural capital allow the flow of ecosystem
services. However, we note that despite recent progress
huge uncertainties and unknowns remain in our field.

In Chapter 3, our colleague Richard Hobbs pays
explicit attention to this problem, helping the reader
focus on the challenge of coping with ongoing changes
in climate even as we set about the restoration of
degraded ecosystems in the context of highly modified
landscapes. Indeed, an intriguing and important ques-
tion is to what extent historical knowledge and per-
spective can continue to be applicable if we are restoring
now ‘towards the future’, as we put it in the preface.
Finally, David Tongway and John Ludwig describe an
approach to landscape-scale restoration that empha-
sizes the need for understanding how ecosystem proc-
esses are affected by disturbances, causing landscapes
to be dysfunctional (Chapter 4). This knowledge can
then be used by practitioners to set achievable goals,
and to design and implement restoration technologies
to achieve their goals.

In summary, this first part of our book sets the scene
for all that follows. Rather than giving a complete over-
view, we aim at highlighting topics that we consider to
be necessary elements for the reader who will here dis-
cover the rapidly growing, and evolving, field of restora-
tion ecology; we hope it will give you an appetite to carry
on reading the book and at least some of the references
cited and, above all, to start thinking about concepts and
strategies for differing biophysical and sociocultural
contexts where ecological restoration is needed.
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1.1 INTRODUCTION

Increasing and unrelenting human impact on the bio-
sphere — in particular since the industrial revolution
began in the late eighteenth century — has brought us
to the threshold of what Paul Crutzen dubbed the
‘Anthropocene Era’, that is an unprecedented geologi-
cal era in which humans dominate all ecosystems and
the global environment as a whole. However, the wide-
spread recognition of the need to regulate the human
‘footprint’ dates back only a few decades, in most parts
of the world. Pioneer nature conservation organiza-
tions began to be formed over a century ago, it is true,
in western and central Europe in particular — including
the German Nature and Biodiversity Conservation
Union, founded in 1899, and the Dutch organization
known as Natuurmonumenten that was founded by an
elementary school teacher in Amsterdam in 1905.
Today, there are literally thousands of conservation
NGOs around the world, and gradually, over the past
50 years, they have found increasing support from the
public and the scientific community. Although started
as recently as the 1960s, ‘in response to the devasta-
tion of our natural habitats’, the network of Wildlife
Trusts in the United Kingdom now has more than
800000 members. This is just one example among
many, and ecological restoration — under many differ-
ent names — is gaining an increasing share of attention
in conservation activities all around the world, and in
international treaties as well.

In this introductory chapter, we start using the ter-
minology related to the subject without defining the
terms; the definitions will be given and discussed in the
next chapter. Throughout the book we draw the read-
er’s attention to the Glossary in this book by marking
terms in bold.

Restoration ecology is the field of study and exper-
imentation that provides the scientific background and
underpinnings for practical ecological restoration,
rooted in the early developments and visionary work
of a few individuals and programmes in the nineteenth
and twentieth centuries. It has grown to a respectable
‘size’ and volume only in the last few decades, since
Bradshaw’s (1983) pioneering work, but as mentioned
already, is now gaining momentum and attention as
never before. Restoration ecology has also begun to
command much more attention from scientists in the
last 25-30 years, especially since the Society for Eco-
logical Restoration has got underway in the late 1980s.
Twelve years ago, ecologist Truman Young suggested

that ‘restoration ecology is the future of conservation
biology’ (Young 2000). By that he surely meant that
in today's crowded, much-transformed world, conser-
vation — in the sense of preservation or setting-aside
—will not be adequate to meet the goals of conservation
— and sustainability. Instead, restoration of damage
will be required on both scores. In terms of the sci-
ences, at any rate, a clear convergence between the
three fields is taking place, conservation biology, resto-
ration ecology and the overarching, inter- and transdis-
ciplinary field of sustainability science that is barely
a decade old. Why include the latter in this introduc-
tory chapter? Because ecological restoration does not
only aim at the repair of degenerated ecosystems,
including their structure and functioning and their
biodiversity. For ecological restoration to be effective,
we must consider not only the biophysical context, but
also the socio-economic and political matrix in which
a restoration project must be planned, financed and
carried out. That is why there is a clear need for a
broader interdisciplinarity, and transdisciplinarity
as well, which means forging interprofessional part-
nerships and coalitions, as well as good communica-
tion and indeed collaboration with nonprofessional
stakeholders and neighbours. Jackson et al. (1995)
portrayed ecological restoration as having four main
components to consider — ecological, social, cultural
and economic (see Figure 1.1). In the last few years,
however, it is also becoming clear that political and
legislative components are needed as well (Aronson
2010) and will also be an important part of restoration
in coming years.

Ecological restoration aims at the safeguarding and
the repair of what is commonly called ‘nature’ (i.e.
ecosystems and biodiversity) and what ecological

social

i

economical

Restoration of
degraded
ecosystem

and political
& legislative!

ecological cultural

Figure 1.1 Five main components of ecological
restoration. Modified from Aronson (2010).
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economists, and a growing number of ecologists, call
humanity’s stock of natural capital (i.e. renewable
and nonrenewable resources from ‘nature’) that assure
the flow of ecosystem goods and services to society
(Aronson et al. 2007a). Thus, many motivations and
justifications for ecological restoration exist (see Clewell
& Aronson 2006, and Chapter 2), yet a financial — and
perhaps also a social or political — cost is inevitably
involved. Increasingly, it is obvious —at least to us — that
all societies everywhere should be devoting resources
to this activity to insure and enhance the supply of
ecosystem services as well. However, what may seem
like a clear gain for some, can be perceived as a loss or
waste of resources for others. Trade-offs, negotiation
and, above all, good communication are a sine qua non
in this realm of human endeavour that require both
ecological and environmental as well as socio-economic
and even political criteria for monitoring and evalua-
tion (Blignaut et al. 2007; Aronson 2010).

Needless to say, points of view in most situations will
differ among stakeholders, and they will also change
over time, in any heterogeneous society, and even
among specialized scientists. To illustrate this, let us
consider the concept of steady states and disturbance,
a key notion in all discussions of conservation, man-
agement and restoration of ecosystems.

1.2 VIEWS ON STEADY STATES AND
DISTURBANCE

Disturbance, though it may sound negative, is basi-
cally a neutral term in science. The term is widely used
in ecology, and we will also use it in this book, but the
neutral term ‘transformation’ is often a better choice
for indicating a change of a complex system from one
state to another one. What we call a disturbance
factor causes a change or transformation in an eco-
system’s steady state, in terms of its standing biomass,
productivity or biodiversity, which may be followed by
either recovery to the former state (through resilience
or resistance) or a change to another state, following
the crossing of a so-called threshold of irreversibil-
ity (see Figure 1.2); then the system is disturbed. In the
latter case, the system may shift to another steady
state, or not; in the ecological literature, this new state
is referred to as an alternative stable state.
Depending on your point of view, State C, the alter-
native steady state, can be a gain or improvement, or
else a loss or example of degradation. For example, if a
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Figure 1.2 Model of three types of system response to a
disturbance factor: resistance, resilience and disturbance.
State A is the starting or ‘initial’ steady state, State C is a
new, alternative steady state. As long as the system state
does not pass a ‘threshold of irreversibility’ (State B), the
system remains stable. Restoration of the ecosystem from
State C towards the starting state A is affected by hysteresis
and by the nature and number of the threshold(s) it has
crossed.

farmer clears a piece of woodland and then cultivates
the land, he or she will naturally consider the change
as a gain. Yet, from the point of view of a bird watcher,
or local authority in charge of nature conservation,
such a transformation may be considered as a loss of
habitat for birds, or a degradation of the woodland
ecosystem at the landscape scale. Similarly, local com-
munities dependent on woodlands for various services
(for example watershed protection and outdoor recrea-
tion) will consider it as negatively impacting their
welfare and well-being. Thus, especially if the farmer
eventually abandons production, for reasons of chang-
ing markets for example, there may be a good argu-
ment that ecological restoration should be attempted,
in order to restore the woodland that once was there.
However, the farmer may instead seek other crops or
land uses that raise income to his or her family or cor-
poration. In Chapter 2, we will return to the concept
of disturbance, and the related one of stability. Here
we will consider points of view on ‘nature’ as related
to the qualification of ‘disturbance’.

1.3 VIEWS ON NATURE AND NATURE
CONSERVATION

Just as views on what constitutes a disturbance
differ, the same is true for notions of ‘nature’, ‘nature
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conservation’ and ‘ecological restoration’, and points
of view may even change over time. In large parts of
northern and central Europe and indeed the entire
northern hemisphere, the forests and woodlands
that developed after the last Ice Age ended, approxi-
mately 11000 years ago, have repeatedly been
exploited or even clear-cut for timber, and the lands
they formerly occupied cleared and burnt to make way
for agricultural production systems. Though this dis-
turbance, or transformation, from forest or woodland
to farmland and pasture sometimes resulted in heavy
soil erosion, it was generally considered as a gain for
the farmers, and for the entire society. From the Middle
Ages up to the beginning of the twentieth century, the
prevailing land use in Europe was low-intensity
farming, resulting in agro-ecosystems such as species-
rich meadows and open heathlands, currently known
as seminatural ecosystems. In Figure 1.3, we illustrate
this notion schematically, in the broader context of the
range of anthropogenic disturbances to ecosystems
and the alternative states or conditions presented
already in Figure 1.2.

After the introduction of artificial fertilizers in the
early twentieth century, the application of which
enables intensive production of food, these less inten-
sively used farmlands were no longer considered as a
gain; instead they were called ‘non-use lands’ or even
‘wastelands’ that should, logically, be ‘reclaimed’ for
production. Large-scale fertilizer application resulted
in a new change of the ecosystem state, from low-
intensity farmlands to increasingly high-input, high-
production systems. Again, thischange wasappreciated
by most farmers, but not by all members of society,
especially those concerned with sustainability. The
high level of nutrient supply to the soil resulted in a
steep decline in biodiversity, not only in the cultivated
areas, but also in adjacent landscapes. Nature conser-
vationists, who had taken initiatives to establish formal
nongovernmental institutions to counteract the
ongoing process of what they considered as degrada-
tion of the environment, were gradually supported by
scientists from universities and research institutions
who conducted detailed studies and provided quantita-
tive data on the impacts. Increasingly, points of view
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Figure 1.3 Schematic representation of common transformations of ecosystems. Arrows from left to right indicate
anthropogenic disturbances; arrows from right to left indicate options for ecological restoration or rehabilitation, or,
alternatively, reclamation to some type of sustainable system. Note that the route to recovery or restoration of an ecosystem
after prolonged disturbance and profound transformation often takes much longer than, and differs from, the initial route of
degradation. This discrepancy is known as hysteresis. It is important that restorationists and restoration scientists not forget or
underestimate this factor of unpredictability, which generally increases in correlation to the degree of human impact.



about the aims of nature conservation became under
debate, mainly related to the degree of desired or
allowed human intervention. In 1945, for example,
the Royal Dutch Society for Natural History (KNNV)
organized a conference to identify and agree on the
choices for aims of nature conservation and manage-
ment (van der Windt 1995). The dilemmas were
discussed among landscape architects, nature conser-
vationists and managers, and scientists. A choice was
made for seminatural ecosystems and landscapes
as a primary goal of nature conservation and manage-
ment. The most important conclusion was that the
principle of including human interventions in nature
was no longer questioned, thus leaving room for differ-
ent options. Currently, it is common use to recognize
three archetypes of ‘nature’, dependent on the degree
of naturalness (see Swart et al. 2001): (1) wilderness,
or self-regulating near-natural ecosystems, (2) Arca-
dian or seminatural ecosystems, based on a long
history of extensive human interference, and (3) inten-
sively managed production systems. The intensity of
human impact may be strong or moderate or even zero,
depending on the view of nature applied to different
sites, ranging from production systems to some kind of
wilderness. In Figure 1.3 we used these three catego-
ries, and added the notion of over-exploitation as a
fourth step in the disturbance of a system to an alter-
native state; the latter state can no longer be considered
part of ‘nature’. In the next section we will present
views on various options for the repair of different dis-
turbed states.

1.4 VIEWS ON RESTORATION

The focus of nature conservation has been on the pres-
ervation of near-natural and seminatural ecosystems
through preventing them from being degraded. Eco-
logical restoration has much broader perspectives,
aiming at the repair of damage, now including the eco-
logical restoration or rehabilitation of production and
exploitation systems (see Figure 1.3). And again, there
are often difficult choices to be made, even when the
general goal of ecological restoration has been agreed
upon. Indeed, in most situations a broad range of
targets can be distinguished, from spontaneous or
assisted recovery to the former state, to a state that one
could call a halfway condition with respect to the
former state. Currently, different options for restoration
arerecognized: (1) near-natural restoration, aiming
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at almost non-assisted natural recovery, (2) ecological
restoration, that is, the return to some historic refer-
ence system, representing pre-disturbance condi-
tions, be it natural or seminatural, (3) ecological
rehabilitation, that is, the improvement of ecosys-
tem functions without necessarily a return to pre-
disturbance conditions, and (4) reclamation, that is,
conversion of heavily degraded land such as post-
mining areas to a productive condition.

However, new problems continually pop up. Nature
management, as agreed upon, and the restoration of
abandoned production systems, may result in successes
and failures. Sometimes the return to past ecosystem
types simply can not be achieved by re-applying the
former management measures. Irreversible environ-
mental conditions, for example due to severe drainage
of peat soil or high soil-nutrient loads, could prevent or
severely retard a return to the past, and this raises the
need to consider other options. Currently in the field of
restoration ecology, it is generally accepted that a return
to past ecosystems, indeed a return to the past in general
is, strictly speaking, not possible; history can not be
repeated. This implies that the notion of reference
systems should no longer be conceived of in a narrow
fashion, or restricted to an idealized situation of the
past. Instead, it can be conceived, and then utilized, in
many different ways. A reference system may change
over time and may in fact be developed as a series of suc-
cessive reference states or systems (Figure 1.4).

There is also a need to recognize uncertainties involved
in restoration, and the reality that many ecosystems
today are in fact emerging ecosystems (see Part 4),
since the world has changed so radically, from a biolo-
gist’s point of view, and will continue to change, as a
result of climate change, land use change, biological
invasions and so on. In Chapter 3, we will also encounter
the notion of novel ecosystems that have entirely
altered from historical ranges. There the main aim of
restoration might be to ensure the maintenance or opti-
mization of the flow of material ecosystem goods and
services with less concern for cultural services or biodi-
versity or any spiritual or cultural ties with the past.
Several chapters in Part 3 will deal with this theme, and
we will reflect on the different options available in the
three concluding chapters of Part 4. Now, at the begin-
ning of our journey through this book, we would like to
emphasize that ecologists’ primary job is to provide as
much information as possible to make predictions, and
effective applications in ecological restoration projects,
based on historical, analytical, and experimental
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Figure 1.4 Sequential references in ecological restoration. Dashed lines represent degraded conditions as compared to an
intact, undisturbed system. The inner circles in each ‘sun’ on the figure represent the ecosystem. The outer concentric circles
of each ‘sun’ represent the landscape (biophysical matrix of the ecosystem), and the socio-economic matrix, in which the
ecosystem is embedded. The triangular ‘rays’ of each ‘sun’ represent various goods and services that flow from the ‘natural
capital’ that is an intact ecosystem with its native biodiversity. From Clewell and Aronson (2007); reproduced with permission

from Island Press.

knowledge of patterns and processes of ‘nature’ (i.e. eco-
systems and biodiversity at all relevant scales and levels
of organization). We recall that restoration ecology is
essentially a branch of applied ecology (see Freckleton et
al. 2005) —that s, ecological research that informs man-
agement practice to be used by society as a whole.

In this first chapter, we have indicated the starting
place for our project. As mentioned, several of the con-
cepts that we introduced here will be elaborated on in
Chapter 2 as part of a set of what we consider the
unifying concepts for restoration ecology, indispensa-
ble for appreciating the chapters that will follow.
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2.1 INTRODUCTION

Restoration ecology is an applied natural science
that lies at the intersection with the social sciences, but
can also help us leap from that broad platform into the
realm of transdisciplinary science and problem solving,
which we will discuss below. Restoration ecology is
thus truly a ‘new frontier’, as first noted by one of the
most notable and prolific pioneers in the field, in the
introduction to the book he edited (Cairns 1988),
which was one of the very first books to appear on
this topic.

In this book, we focus on the ecological foundations
of restoration ecology. We feel strongly that restoration
efforts must aim to restore entire ecosystems, and not
just focus on parts of them, or other derivative goals.
Increasingly, we hear and read about the need to
‘restore’ biodiversity, or ecosystem services, but
these goals are ultimately vain if we do not succeed in
restoring living, dynamic ecosystems, and figuring out
how to help them be self-sustaining. It is difficult or
impossible to ‘restore’ or rather reintroduce species
populations in a given site, without ‘restoring’ the
abiotic environment necessary for the persistence and
reproduction of those species, including the networks
of interactions with many other species that occur in
a well-functioning ecosystem. Conversely, biotic
communities strongly influence the abiotic environ-
ment, and without a full complement of native species,
autogenic or self-sustaining ecosystems — the ultimate
goal of ecological restoration — will not be attained
(MacMahon & Holl 2001). Thus, we endorse the defini-
tion given in the SER Primer for Ecological Restoration
we cited already, namely, that ecological restoration
is ‘the process of assisting the recovery of an ecosystem
that has been degraded, damaged, or destroyed’ (SER
2004).

Note the emphasis in that definition on the idea of
assisting the recovery of an ecosystem, and not just a
species. The definition explicitly assumes that some-
thing has been lost, or gone wrong at the level of a
system, and, secondly, it implies that we can and should
try to understand how ecosystems respond to interven-
tions of all sorts, including efforts to help them recover.
Ecological restoration is interventionist and systems-
oriented by nature, as opposed to traditional conserva-
tion, that was about reducing human pressure or
‘keeping our hands off’ certain areas of land or wetland
set aside for protection of one or an assembly of species.

It is hands on, and is, by definition, applied at the level
of whole ecosystems.

The corresponding field of science called restoration
ecology can take various approaches to the task of pro-
viding knowledge that will help put ecosystem recov-
ery in motion. New theories and syntheses, predictive
models and the testing of hypotheses through experi-
ments and careful monitoring and evaluation of
ongoing projects are the primary means to achieve
that end. Additionally, outreach and collaboration
with people from other academic disciplines, in both
the natural sciences (e.g. conservation biology and
landscape ecology) and the social sciences, including
economics, as well with nonscientists and profession-
als, is essential. That will require engaging in the
‘entire restoration process’ (Cairns & Heckman 1996).
In this chapter, then, we focus on the major unifying
concepts relevant to both fundamental and applied
ecology, but start with the notions of inter- and
transdisciplinarity.

2.2 INTER- AND
TRANSDISCIPLINARITY

Restoration ecology draws knowledge, ideas and data
from disciplines as diverse as landscape ecology (includ-
ing geomorphology and hydrology), community
ecology along with soil and water physics, and chem-
istry at the ecosystem scale, as well as physiology and
genetics at the level of organisms and populations.
But as mentioned, to address and engage the ‘entire
restoration process’, we must incorporate the socio-
economic sciences (e.g. Mascia et al. 2003). This
implies cross- or interdisciplinarity, which is what
happens when concepts, models, methods and findings
of different scientific disciplines are merged together
and integrated to address an idea, or to solve a societal
problem (Schoot Uiterkamp & Vlek 2007).

Scientists need to cross traditional lines and work
together in the essential arena of environmental amel-
ioration and management. The word ‘transversal’ —
which means cross-cutting — is rarely used in English
as an adjective, and yet it beautifully describes what is
needed: not just a summing of skills, but also an actual
breaking of new ground, thanks to original or ‘lateral’
thinking, resulting from a new juxtaposition and com-
bination of approaches. In order to help stakehold-
ers, and society as a whole, in the urgent task of



